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Abstract 
The paper discusses on the design and development of a test-rig for estimating the vibration characteristics of a beam. The salient 
features of the test rig, which makes it possible to conduct a set of experimental cases to determine the nature of vibration under 
different variations, and the test cases envisaged are discussed. Using the test-rig developed, the main objective is to analyse the 
transverse vibrations of flexible rectangular beams of aluminium alloy and mild steel for different cross sections and to study the 
importance of excitation on vibration response. Comparative study is performed based on the effect of variations in the 
characteristics of the beam on frequency and amplitude of vibration for different end conditions. An effort is made to estimate the 
relation between exciting centrifugal force due to rotating eccentric mass and amplitude of vibration for various cases under 
consideration.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICOVP 2015. 
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1.  Introduction 
Most vibrational phenomena existing in nature are forced vibrations like those existing in air compressors, 
automotive engines, turbines and machine tools, where the system tends to vibrate at the frequency of the exciting 
force. If this frequency coincides with one of the natural frequency of the structure, Resonance occurs and it would 
result in dangerously large oscillations. Forced vibration refers to the motion of the system which occurs in response 
to a continuous external excitation whose magnitude varies with time. One example of such Forced vibration is due 
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to rotating eccentric masses, which is a centrifugal type constant periodic harmonic excitation. It is a common 
source of vibration excitation that one sees in everyday life like electric motors, pumps, fans, cloth dryers, vibrators 
and compressors. It is caused when the center of mass is out of alignment with center of rotation, resulting in 
exciting centrifugal force acting radially outwards, with maximum value of sinusoidal excitation in any direction. 
Centrifugal force is proportional to square of the frequency and is measured in terms of equivalent mass rotating 
with its center of gravity, at a distance from the axis of rotation. The transfer of these unbalanced centrifugal forces 
through excitation source into neighboring structures (assemblage of beams with different end conditions) causes 
vibrations. Hence eccentric mass, its eccentricity and frequency at which it is rotating are parameters which 
determine nature of the vibration.  Every time there is a change of direction of unbalanced force, produces a shock 
which travels throughout the structures. This phenomenal is really important because if not dealt promptly can lead 
to catastrophic failures of connected members (beams) due to fatigue caused by the vibration, in which the structure 
fails at stresses which are much lower than the yield stresses. 
Automobiles, missiles brackets and machine frames contain beam structures with different end conditions as a 
part of their different systems. Vibrations are transferred from the source through the assemblage of beam structures 
with different end conditions to the ground. A Beam is characterized by its length, cross-section, material and 
support conditions. Variation of these characteristics of beam can have an impact on the resulting vibrations 
produced (amplitude and frequency) when excited by an outside force. As vibrations due to eccentric mass are very 
difficult and expensive to avoid, it is better to design a system which can work adequately with given eccentric mass 
at required frequency. For the proper design of the system and to isolate sensitive system from vibrations, its 
element’s (beams) vibration characteristics, which are mode shapes and natural frequencies should be known and 
sufficiently spaced from the exciting forced frequency to avoid resonance and keep the displacement within 
allowable limit. Hence an understanding of the effect of the characteristics of beam on the vibration response is 
important for systems design to resist vibrations. 
Jong-Shyong Wu et al., [1] studied dynamics responses of structures considering both continues and discrete 
modes and found that for tower carrying eccentric tip mass with rotary inertia and subjected to support excitation 
,serious dynamics response occur only when excitation frequency of ground approaches 1st frequency of tower. 
H.H. Yoo et al., [2] derived equations of motion of a rotating cantilever beam based on dynamic modeling to found 
that natural frequency increased as angular speed and hub radius increases and coupling effect became negligible as 
slenderness ratio of beam increases. Marek Pietrazakowski [3] investigated active damping effects of cantilever 
beam transverse vibration both experimentally and numerically with conclusion that modal quality can be improved 
by taking into account local stiffening of activated beam. R. Lassaud et al., [4] studied accurate procedure to 
determine free vibration of beams and plates, and concluded that frequencies obtained are proportional to number of 
modes considered. Metin O. Kaya [5] calculated natural frequencies of Timoshenko beam using differential 
transform method to conclude that natural frequency increases with rotational speed and hub radius, while both 
decrease with rotary inertia. D.Ravi Prasad et al., [6] studied experimental modal analysis of beams with different 
material such as brass, aluminum, steel and copper under impact hammer excitation. Sahab Mohammed Jamel Ali et 
al., [7] studied numerical solutions of frequencies of free transverse vibration of simply supported beam with 
symmetric overhang arbitrary length. M.Gurgoze et al., [8] studied determination of frequency response function of 
viscous damped, cantilever Bernoulli’s beam with simply supported in span and carries tip mass. Carlos Federico T. 
Matt [9] studied numerically both undamped and damped natural frequencies of the system as well as its transverse 
displacement due to arbitrarily time varying load and imposed displacement at clamped end. M.Gurgoze et al., [10] 
studied determination of frequency response of cantilever beam which is simply supported in span and compared 
numerical results with analytical. Chih Ling Huang et al., [11] investigated natural frequencies of flap wise bending 
vibration, coupled lag wise bending and axial vibration for rotating beam with effects of corolis force, angular 
velocity and slenderness ratio on natural frequency of rotating beam. B. Kiran Kumar et al., [12] performed 
implementation of condition based maintenance on rotating machine, by adopting vibration spectrum analysis as a 
predictive maintenance technology. Nitin Kumar Anekar et al., [13] presented design, construction, performance and 
testing of mechanical vibrations exciter with unbalanced mass to generate uniaxial vibrations. 
Hence to study the response of the system’s components for the excitation caused by an unbalanced mass for 
different rotating frequency of excitation source, a Test-rig is developed which measures steady state response 
amplitude, frequency as a function of rotating frequency of source. Determined response to sinusoidal forcing over a 
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range of frequencies can be used to estimate resonant frequencies, mode shapes and other dynamic properties which 
can be used to validate and improve analytical models, reveal margins unjustifiable by analysis alone, determine the 
source of troublesome vibrations.  
 
2. Test-rig Design 
A test rig for determining the different vibration characteristics of a beam was designed and developed which 
incorporates the capability to vary the characteristics of the beam. Salient features of the test-rig developed, include 
variation in cross-section (through Detachable Ends), length (through Guide Assembly), and material of beam. It is 
also provided with Cantilever (C), simply supported (SS) and Fixed-fixed (FF) end conditions (through Detachable 
Ends). The source of excitation is provided by rotation of an eccentric mass (variable) mounted on disc around the 
variable speed DC motor shaft which produces a unidirectional sinusoidal force. The location of this excitation 
source can be varied (through Motor Assembly),and its magnitude can be varied by changing any one of  the 
parameters like eccentric mass (m) or distance of eccentric mass from center of the disc (e) or by changing RPM of 
DC motor (ω) using speed controller. Eccentric weights are adjustable from zero to full eccentricity so as to allow a 
wide range of forces to be covered with approximately same frequency. 
The test-rig was designed for aluminium beam with cantilever condition. Dimensions of beam were calculated by 
considering both static load due to weight of motor assembly and beam. Stresses developed were calculated 
analytically by drawing SFD, BMD for each case and found to be lesser than allowable stresses calculated using 
endurance limit of material. The test rig developed enables to perform a wide range of transverse vibration 
experiments with the minimum amount of assembly time and the maximum adaptability. 
 
 
Fig. 1. Vibration test-rig 
 
3.  Experimental Cases 
Using the setup developed transverse vibrations of flexible rectangular beams of aluminium alloy for different 
cross sections and lengths are investigated experimentally by considering 9 cases shown in table 1 for aluminium at 
constant motor speed of 355 rpm generating 5.08 N centrifugal force at mid-length of the beam. 
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Table 1. Cases considered for studying effect of length and cross-section on vibration characteristics 
 
CASE NO. END CONDITION Dimensions of the 
beam 
(L,W,T) mm   
CASE A Cantilever 100,30,10 
CASE B Fixed-Fixed 100,30,10 
CASE C SSB 100,30,10 
CASE D Cantilever 100,30,8 
CASEE Fixed-Fixed 100,30,8 
CASE F SSB 100,30,8 
 
 Comparative study is done on effect of varying the material, end conditions, magnitude of exciting centrifugal 
force and location of centrifugal force on the frequency and amplitude of vibration are investigated using 24 cases 
shown in table 2.  
Response of the beam was measured in the form of displacement vs. time using IMI industrial accelerometer 
attached 1 cm away from motor assembly and recorded using NI 9234 at sampling rate of 1000Hz. In each case 
setup was run for 30 seconds out of which steady state output at middle of timespan is used for plotting and 
comparison.  
 
Table 2. Cases considered for studying effect of material, boundary conditions, centrifugal force on vibration characteristics 
CASE No. Material End Condition Dimensions Location of Motor RPM of motor 
CASE 1 Aluminum Cantilever 75,30,10 0.5*Length 375/5.08 
CASE 2 Aluminum Cantilever 75,30,10 0.5*Length 500/9.04 
CASE 3 Aluminum Cantilever 75,30,10 0.6*Length 375/5.08 
CASE 4 Aluminum Cantilever 75,30,10 0.6*Length 500/9.04 
CASE 5 Aluminum Fixed-Fixed 75,30,10 0.6*Length 375/5.08 
CASE 6 Aluminum Fixed-Fixed 75,30,10 0.6*Length 500/9.04 
CASE 7 Aluminum Fixed-Fixed 75,30,10 0.5*Length 375/5.08 
CASE 8 Aluminum Fixed-Fixed 75,30,10 0.5*Length 500/9.04 
CASE 9 Aluminum Simply supported 75,30,10 0.5*Length 375/5.08 
CASE 10 Aluminum Simply supported 75,30,10 0.5*Length 500/9.04 
CASE 11 Aluminum Simply supported 75,30,10 0.6*Length 375/5.08 
CASE 12 Aluminum Simply supported 75,30,10 0.6*Length 500/9.04 
CASE 13 Mild steel Simply supported 75,30,10 0.6*Length 375/5.08 
CASE 14 Mild steel Simply supported 75,30,10 0.6*Length 500/9.04 
CASE 15 Mild steel Simply supported 75,30,10 0.5*Length 375/5.08 
 CASE 16 Mild steel Simply supported 75,30,10 0.5*Length 500/9.04 
 CASE 17 Mild steel Cantilever 75,30,10 0.5*Length 375/5.08 
CASE 18 Mild steel Cantilever 75,30,10 0.5*Length 500/9.04 
CASE 19 Mild steel Cantilever 75,30,10 0.6*Length 375/5.08 
CASE 20 Mild steel Cantilever 75,30,10 0.6*Length 500/9.04 
CASE 21 Mild steel Fixed-Fixed 75,30,10 0.6*Length 375/5.08 
CASE 22 Mild steel Fixed-Fixed 75,30,10 0.6*Length 500/9.04 
CASE 23 Mild steel Fixed-Fixed 75,30,10 0.5*Length 375/5.08 
CASE 24 Mild steel Fixed-Fixed 75,30,10 0.5*Length 500/9.04 
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4. Results and Discussions 
Following paragraph discusses about effect of beams characteristics and various parameters such as material of 
beam, end conditions, exciting centrifugal force on response of the beam. In each case only one variable of interest 
is varied to study its effect on vibration response, all other variables are kept constant. 
4.1. Effect of Variation in Length 
Two aluminium beams with same cross-section but different lengths as 1000mm and 800mm were excited with 
same centrifugal force with frequency of 6.44921 Hz for all three end conditions and results are plotted in Figure 2. 
From Table 3, cantilever condition is very sensitive to length variation whereas fixed-fixed is least sensitive. 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
Fig. 2. Amplitude vs. Time plot for CASE D, G, E, H, F and I 
 
Table 3. Comparison of maximum amplitude for CASE D, G, E, H, F and I 
  800,30,8 
(L,W,T)mm 
1000,30,8 
(L,W,T)mm 
End condition Material Maximum 
Amplitude(mm) 
Maximum 
Amplitude(mm) 
Cantilever Aluminium 18.077214 23.858461 
Fixed-fixed Aluminium 4.190291 6.701146 
4.2. Effect of Variation in Cross section 
To vary the cross-section, two aluminium beams with same length and width but different thickness as 10mm and 
8mm were excited with same centrifugal force with frequency of 6.44921 Hz for all three end conditions and results 
are plotted in Figure 3. From Table 3 and Table 4. 
 
 
Table 4. Comparison of maximum amplitude for CASE A, D, B, E, C, and F 
  100,30,10 
(L,W,T)mm 
100,30,8 
(L,W,T)mm 
End condition Material Maximum 
Amplitude(mm) 
Maximum 
Amplitude(mm) 
Cantilever Aluminium 15.6439 18.077 
Fixed-fixed Aluminium 9.7758 4.1902 
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Fig. 3. Amplitude vs. Time plot for CASE A, D, B, E, C, and F 
 
4.3. Effect of Variation in material 
Table 5 shows comparison of two rectangular beams with same cross-section and length with different material 
as Aluminum and Mild steel excited with same centrifugal force for all three end conditions. Amplitude of vibration 
changes drastically with strength of material with maximum variation in simply supported condition. 
Table 5. Comparison of maximum amplitude for beams of aluminium and mild steel with different end conditions 
 Aluminium Mild steel 
End Condition Maximum 
Amplitude(mm) 
Maximum 
Amplitude(mm) 
Cantilever 6.302542 2.638816 
Fixed-fixed 3.005141 1.27221 
4.4. Effect of Boundary Condition 
Figure 4 shows the variation in amplitude with varying end conditions for same beam subjected to same 
excitation level. Figure 5 shows FFT plot for aluminium beam for all end conditions. Figure 6 and 7 shows same 
plot as Figure 4 and 5, for mild steel material and same trend is observed here also. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Fig. 4. Amplitude vs. Time plot for CASE 1, 7 and 9 
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Fig. 5.  FFT Amplitude vs. FFT Frequency for CASE 1, 7 and 9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Amplitude vs. Time plot for CASE 17, 23 and 15 
 
 
   
 
 
 
 
 
 
 
 
 
             
       
Fig. 7. FFT Amplitude vs. FFT Frequency for CASE 17, 23 and 15 
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4.5. Effect of Centrifugal force 
Centrifugal force is varied by changing the rotational speed of motor (ω) and keeping mass and its eccentric 
position constant. For 33% increase in centrifugal force, Figure 8 shows how amplitude of vibration varies for both 
aluminium and mild steel with all end conditions. Cantilever condition is very sensitive to centrifugal force while 
fixed-fixed is least. 
 
Fig. 8. Effect of centrifugal force at 355 rpm and 500 rpm 
4.6. Effect of location motor 
Location of centrifugal force is varied by changing the location of motor along length of the beam. Figure 9 shows 
how amplitude of vibration varies for both aluminium and mild steel with all end conditions when location of motor 
is shifted from mid-length to 0.6×Length. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Effect of location of motor at two different locations 
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5. Conclusion 
Hence designed and developed test rig can be used to study the effect of various characteristics and parameters 
on the response of the beam. Cantilever condition is very sensitive to variation in any of the characteristics while 
fixed-fixed condition is least sensitive. Length variation affects vibration characteristics with greater impact when 
compared to cross-section variation. 
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